Applications of endoscopic technique neurosurgery are becoming increasingly popular as greater evidence of the safety and efficacy of these techniques is reported. Nevertheless, significant technical limitations need to be solved before neuroendoscopy can achieve widespread popularity. One limitation is the surgeon's difficulties in becoming anatomically oriented in a two-dimensional (2-D) environment. The lack of appropriate visual cues to orient oneself in three-dimensional (3-D) space makes relatively simple anatomical regions difficult to navigate. The authors describe an endoscopy system that allows for stereoscopic visualization during minimally invasive procedures and that acts as an adjunct to conventional open craniotomies. Four cases are described in which stereoendoscopy was used as either a primary means of visualization or as an adjunct to the operating microscope in conventional open neurosurgical procedures. The authors believe that stereoendoscopic vision is a significant advance in endoscope technology and will play a large role in the popularization of minimally invasive techniques in neurosurgery.
communication complements our previous reports on stereoscopic head-mounted display technology. [3, 11] 
CLINICAL MATERIALS AND METHODS
Stereoendoscopic methods were used as adjunctive measures to open microneurosurgical procedures, performed under the guidelines of the Institutional Review Board, conducted at the Children's Hospital of Los Angeles in 1998.
Description of Equipment
A neurostereoendoscope, fabricated to our specifications by Vista Medical Technologies (Carlsbad, CA), was used (Fig. 1) . This endoscope has an external diameter of 4.7 mm and uses a single glass rod optical element. A prismatic optical path separator is mounted behind the rod lens, and dual charged-coupled devices (CCDs) of 640 x 480 matrix were used to capture stereoscopic images. The effective interpupillary distance is 1.0 mm with a working distance of 15 mm. Video images were processed on a processor (Vista StereoSite, Vista Medical Technologies, Carlsbad, CA) to convey images to a head-mounted display. [11] Stereoscopic video images were archived on a wide VHS digital video recorder for later retrieval and hard-copy image production. iew angle A single glass rod lens is used with a prism image splitter and CCD assembly located in the handpiece.
The current system allows for picture-in-picture capabilities that can be prompted using voice commands. The optics of the system allow for the concurrent visualization of the operative field (3-D), endoscopic field (3-D), 3-D virtual reconstructions of the subarachnoid space or ventricular chamber, or frameless stereotactic information. The system was initially tested in the laboratory setting, as previously reported, before being used in the operating room (OR) (Fig. 2) . 
RESULTS

Endoscopic-Assisted Temporal Craniotomy for Fenestration of Arachnoid Cyst
We have used stereoendoscopy as an adjunct to continually obtained visualization in two cases in which arachnoid cysts were treated. It is the standard practice of our group to perform microsurgical fenestration of arachnoid cysts as the primary treatment, as has been previously indicated. [6] Endoscopic fenestration of arachnoid cysts is also becoming a popular option in the therapy of these lesions. [7, 12] An 18-year-old patient presented to our facility with a history of progressive headaches. We obtained a noncontrast computerized tomography scan that revealed an arachnoid cyst in the right middle fossa (Fig.  3) , and a right temporal key-hole approach was performed for cyst fenestration. Following microsurgical fenestration of the cyst, evaluation of the fenestration into the basilar cisterns and visualization of the third cranial nerve along the tentorial incisura was completed (Fig. 4) . 
Endoscopic Assisted Craniotomy for Removal of Craniopharyngioma
Three children who harbored craniopharyngiomas with suprasellar extension underwent endoscopic-assisted craniotomy. One of the three children presented with a large craniopharnygioma with suprasellar extension and superior extension into the third and lateral ventricles. A transbasal approach was performed, and resection was aided by endoscopic-assisted visualization through the lamina terminalis. Endoscopy in this case was also used in conjunction with interactive image-guided surgical techniques (Fig. 5) . 
Click here to view Video.
Simultaneous external and through-scope video demonstrating use of scope in craniopharyngioma resection via an orbitozygomatic approach. Note view of basilar artery through lamina terminalis--a view not obtainable by the conventional operating microscope.
The concurrent stereoendoscopic images obtained during this approach yielded visual access to the third ventricle in a manner not possible with the straight visual path of the microscope. A 30°-angled endoscopic image was obtained that yielded excellent endoscopic images.
DISCUSSION
Endoscopic procedures have had a long history in neurosurgery dating back to the work of Dandy, Mixter, and others. Despite important work conducted by these early investigators, neuroendoscopy fell into disuse, largely because of alternate technologies that made the procedures for which the endoscope was developed obsolete. On a sporadic basis endoscopy has been reintroduced to the neurosurgical armamentarium to be used in the diagnosis and treatment of intraventricular tumors as well as an adjunctive visualization modality for open microsurgical procedures.
One factor accounting for the reacceptance of endoscopy into surgical disciplines has been the improved visualization offered by modern endoscopic devices. Each major advance in endoscopic surgery has been driven by improvements in visualization technology rather than changes in the particular endoscopic surgical instruments. In initial endoscopic visualization a direct view was obtained by the surgeon through the eyepiece of the endoscope. This limited the view of the operative field to the surgeon, whereas others in the OR setting had no view through the endoscope. This limitation certainly made the procedures more difficult, as surgical assistants could do nothing in the operative field. Furthermore, it was difficult to train people in these techniques, because surgeons and trainees could not simultaneously view the operative field.
A revolution occurred in the early 1980s when small CCDs replaced the Vidicon tubes previously used for video applications. The CCD camera was lightweight, durable, and could be mounted to the eyepiece of the endoscope. The video image could then be projected, allowing numerous OR personnel to view the operative field simultaneously. The introduction of this new visualization modality made possible the introduction of more complex minimally invasive surgical techniques. [1, 8, [14] [15] [16] [17] However, with a few exceptions the neurosurgical field has been slow to adopt new endoscopic methods. The reasons for this are sundry. Among them are inferior visualization compared with that which can be obtained through an operating microscope, as well as the steep learning curve associated with these procedures. This is a particularly important issue in neurosurgical procedures in which narrow operative corridors and long reaches limit the number of visual depth cues available to surgeons performing surgery in these areas. Good visualization, therefore, is essential to facilitate microdissection and prevent damage to nearby sensitive structures. [13] A critical limitation to the use of endoscopic technology has been the loss of stereoscopic information. Stereoscopic vision is a critical means of depth perception. [10] To the best of our knowledge, this is the first report of the use of stereoendoscopic technology in neurosurgical intracranial procedures. In recent years, a number of groups have used stereoendoscopic methods in other organ systems.(Calano, et al., [2] , Simon, [18] and unpublished data). Most notably, in investigations of the gastrointestinal system, stereoendoscopy may allow optical measurements of normal or diseased structures. Similar applications are found in the neurosurgical arena.
A significant obstacle to the introduction of stereoscopic endoscopes has been the end-display technology. In early 3-D endoscopy procedures of the upper airway the endoscope had a 6-mm diameter and 0° angulation. The endoscope was supplied with a 100-Hz monitor and high-speed liquid crystal shutter glasses. The 3-D image was based on obtaining alternating sequential projections of left and right eye images on a single video monitor. Two high-speed liquid crystal stereo switches were integrated in glasses, and a rapid switching time of 100 microsec was used. [19] Most video stereoscopic displays have been cumbersome, and in the implementation of technological solutions, significant degradation in image quality has resulted. The head-mounted display device provides an excellent ergonomic solution and provides good image quality.
Despite the theoretical advantages of stereoscopic display technology, data regarding task performance by using stereoscopic compared with monoscopic displays are unclear. A number of investigators have undertaken performance studies in which various standardized tasks are used. In general, it appears that stereoscopic vision does not seem to improve speed or the rate of error in the hands of experienced surgeons. [4, 9, 20] With students or inexperienced surgeons, however, there does appear to be a reproducible, if small, advantage to stereoscopic vision. [4, 9, 20] Notable, however, is that when tasks are performed using direct vision through the endoscope, significant improvement in performance is demonstrated. [20] The data therefore seem to suggest that a number of other factors in video processing, display, and endoscope optics conspire to degrade the ability to perceive important cues that may facilitate task performance. These factors have not been adequately identified to date.
Although these studies have been conducted to examine the use of stereoscopic displays in standardized tasks, it is unclear how the indices of performance on these tasks can be translated into the operative environment. In difficult neurosurgical procedures, such as the resection of tumors located in regions of potentially difficult anatomy and in those procedures for which there are few stereotyped tasks, use of stereoscopic displays may confer significant advantages to the surgeon and team. In our experience with stereoendoscopic technology, we have found that these devices will likely play an important role in the future development of microneurosurgical techniques. Furthermore, they allow visualization of structures through exposures not otherwise accessible when using the conventional operating microscope.
